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Lysosomal acid phosphatase levels are reduced in murine macrophages by virulent strains of Nocardia
asteroides. At the same time, other lysosomal enzymes either remain unchanged or increase in activity,
indicating that acid phosphatase is not lost because of degranulation or membrane leakage. This study shows
that acid phosphatase was utilized as a sole carbon source by Nocardia asteroides and that acid phosphatase
combined with glutamate as a carbon source enhanced nocardial growth. As a consequence, the inverse
relationship that was observed between acid phosphatase activity and the bactericidal capacity of macrophages
infected with N. asteroides appears to be due to the ability of N. asteroides to preferentially metabolize this
lysosomal enzyme during growth within phagocytes.

It has been demonstrated that the level of lysosomal acid
phosphatase activity in infected macrophages is inversely
related to the number of intracellular cells of virulent No-
cardia asteroides (6-9). As a consequence, a reduction in
acid phosphatase activity appears to be an effective marker
of the ability of these phagocytes to kill N. asteroides (7).
Furthermore, the loss of acid phosphatase activity is not due
to either degranulation or lysosomal membrane leakage,
since lysozyme levels remain constant and since neutral
protease-nonspecific esterase activity increases in infected
macrophages at the same time that acid phosphatase de-
creases (9). The present study determined the probable
cause of the loss of acid phosphatase activity in macro-
phages containing cells of N. asteroides that grow within
these phagocytes.
N. asteroides GUH-2 and 10905 were grown in brain heart

infusion broth as described previously (3, 4, 6, 8). The ability
of these cells to utilize acid phosphatase as a sole source of
carbon and nitrogen was determined by the methods of
Gordon and Mihm (12, 13). Mineral salts agar slants contain-
ing potassium phosphate, magnesium sulfate, calcium chlo-
ride, Noble agar, and 0.5% acid phosphatase (either type I or
type II) as the sole source of carbon and nitrogen were
inoculated with N. asteroides cells washed in sterile saline
(0.9%). The tubes were incubated for 28 days at 37°C, and
the presence of visible growth was determined. Both N.
asteroides GUH-2 and 10905 grew on the surfaces of slants
containing acid phosphatase type I or type II. These results
indicate that N. asteroides utilizes acid phosphatase as a
carbon and nitrogen source. The utilization of acid phospha-
tase as compared with the utilization of lysozyme and
glutamate by N. asteroides GUH-2 was studied further.
The growth of N. asteroides GUH-2 in Stanier mineral

salts medium (MSM) (15) with different sources of carbon
was quantitated at 37°C with rotary agitation (150 rpm). Acid
phosphatase type II (Sigma Chemical Co.) was dialyzed
against two changes of phosphate-buffered saline (pH 7.2) at
4°C overnight (1 g in 10 ml of phosphate-buffered saline
against 1 liter of phosphate-buffered saline). The dialyzed
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enzyme was filter sterilized, the purity was determined by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis,
and the acid phosphatase was added to Stanier MSM to yield
a final concentration of 0.25 g of enzyme per 50 ml of
medium in a 250-ml Erlenmeyer flask. Other 250-ml flasks
containing 50 ml of Stanier MSM were prepared to contain
either 0.5% monosodium glutamate (Nutritional Biochemi-
cals) or 0.5% lysozyme (Sigma). A single-cell suspension of
N. asteroides GUH-2 grown in brain heart infusion broth for
24 h was prepared as described previously (4). The cells
were centrifuged at 1,000 x g for 10 min and washed two
times in Stanier MSM, and the suspension was adjusted to
an A580 of 0.2. This suspension (1 ml) was added in triplicate
to flasks containing glutamate, acid phosphatase, lysozyme,
or no carbon source. At zero time, 24 h, 48 h, 6 days, 13
days, and 26 days, growth was quantitated by three mea-
surements: CFU, filament length of the nocardial cells, and
dry weight.

During the 26-day incubation the cells in medium contain-
ing acid phosphatase or lysozyme remained as single-cell
suspensions, whereas in medium containing glutamate, the
cells grew as large masses of clumps. There was no detect-
able growth in MSM without a carbon source added. There-
fore, plate count assays were useful only for medium con-
taining acid phosphatase or lysozyme, while dry-weight
determinations were necessary to quantitate growth in me-
dium containing glutamate. The growth curves of N. aste-
roides GUH-2 utilizing either lysozyme or acid phosphatase
as a carbon source are presented in Fig. 1.

Since N. asteroides GUH-2 utilized glutamate and acid
phosphatase but not lysozyme, the ability of acid phospha-
tase to stimulate growth in the presence of glutamate was
studied. Acid phosphatase (40 mg/liter) was added to MSM
containing glutamate (0.5%), and the effect on nocardial
growth was quantitated (Fig. 2 and 3). Figure 2 shows
filament length, and Fig. 3 shows dry-weight determinations
during growth. Both the dry weight and filament length
demonstrated a significant synergistic enhancement of no-
cardial growth in the presence of acid phosphatase as
compared with growth in minimal medium containing gluta-
mate or acid phosphatase alone. Filament length and dry-
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FIG. 1. Growth of N. asteroides GUH-2 in Stanier MSM with
either acid phosphatase or lysozyme as the sole source of carbon.
Symbols: 0, MSM plus 0.5 g of acid phosphatase type ll per 100 ml:

0, MSM plus 0.5 g of lysozyme (egg white, grade l: Sigma) per ml.
Bars represent standard deviations.
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FIG. 2. Effect of acid phosphatase on the growth of N. (aste-
roides GUH-2 as measured by filament length. Symbols: W MSM
plus glutamate; *, MSM plus glutamate plus 40 mg of acid phos-
phatase type 11 per liter. At each time point the lengths of 10
filaments were measured and the average was calculated. Bars
represent standard deviations.
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FIG. 3. Effect of acid phosphatase on the growth of N. aste-
roides GUH-2 as determined by dry weight. Symbols: 0. MSM plus
glutamate plus 40 mg of acid phosphatase type Il per liter; 0, MSM
plus glutamate. Each point represents the average of three samples.
Bars represent standard deviations.

weight analyses demonstrated that the growth rate for N.
asteroides GUH-2 was more than doubled in the presence of
40 mg of acid phosphatase per liter (Fig. 2 and 3) as
compared with growth in glutamate alone.
Mice are more susceptible to strains of N. asteroides that

grow within macrophages than to strains that can be killed
by these phagocytes (7, 11). Furthermore, virulent Nocardia
species alter macrophage function by inhibiting phagosome-
lysosome fusion (10), neutralizing acidification of the phago-
somes (8), and altering lysosomal enzyme activity (6, 7, 9).
The specific mechanisms involved in these modifications of
phagocytic functions are not known. However, the decrease
in acid phosphatase activity within macrophages is probably
due to the utilization of this enzyme by N. asteroides. These
results support the results of previous studies (4, 5) showing
that acid phosphatase levels in macrophages can be used as
a marker for nocardial virulence because of the degradation
of this enzyme by N. asteroides cells that survive host
bactericidal mechanisms. This decrease in acid phosphatase
levels in macrophages was detectable within 3 h despite the
relatively long lag phase of N. asteroides. This rapid effect
on acid phosphatase activity may be the result of its ability to
enhance nocardial growth. In addition, acid phosphatase
could be used as a carbon source, and it was probably
degraded in macrophages infected by virulent N. asteroides
cells that were able to grow within these phagocytes. There-
fore, another mechanism must be involved in the concurrent
increase in neutral protease-nonspecific esterase activity in
macrophages. Also, the rapid unimpeded growth of nocar-
diae in the brain (1, 2) may be related to high acid phospha-
tase levels in this organ (14).
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